Thrichomys apereoides, an echimyid rodent that inhabits open vegetation, has been traditionally recognized as the single species of a monotypic genus (Woods 1993) despite the high number of subordinate taxa described throughout its taxonomic history: T. apereoides pachyurus in Paraguay and western Brazil, T. apereoides inermis in Bahia state, T. apereoides apereoides in Minas Gerais and Goiás states, and T. apereoides laurentius from Ceará to Pernambuco states in Brazil (Cabrera 1961; Moojen 1952) . Furthermore, Thrichomys has been shown to be karyotypically diverse, with 2n ¼ 26, FN ¼ 48 (Leal-Mesquita 1991) ; 2n ¼ 28, FN ¼ 50 or 52 (Bonvicino et al. 2002) ; 2n ¼ 30, FN ¼ 54 (Souza and Yonenaga-Yassuda 1982) ; 2n ¼ 30, FN ¼ 56 (Svartman 1989) ; and 2n ¼ 34 (Bonvicino et al. 2002) , indicating that this genus might be polytypic. Recently, proper names have been proposed for these karyotypically different groups: Thrichomys inermis for 2n ¼ 26, Thrichomys pachyurus for 2n ¼ 34; Thrichomys apereoides apereoides for 2n ¼ 28, FN ¼ 50; Thrichomys apereoides laurentius for 2n ¼ 30, FN ¼ 54; and Thrichomys sp. nov. for 2n ¼ 30, FN ¼ 56 (Bonvicino et al. 2002) .
Although karyotypic data were useful for determining the geographic range of populations exhibiting different karyotypes, phylogenetic relationships are still poorly understood. Recent studies, however, showed that DNA sequence analyses of the mitochondrial cytochrome b (Cytb) gene were successful in determining phylogenetic relationships in other echimyid rodents (Patton et al. 2000) . Similar analyses, with Cytb sequence data of all known chromosomal races of Thrichomys, are presented herein for determining their phylogenetic relationships. These results were compared with karyologic and geographic data.
MATERIALS AND METHODS
Specimens were collected in 3 Brazilian biomes-Pantanal, Cerrado, and Caatinga (Fig. 1 , Appendixes I and II)-and were deposited in the mammalian collection of Museu Nacional (MN; Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil). Specimens were trapped with Sherman and Tomahawk live traps placed 10 m apart along linear ground transects. These procedures conform to the American Society of Mammalogists guidelines for capture, handling, and care of mammals (Animal Care and Use Committee 1998) . Licenses for field collection were provided by IBAMA (Instituto Brasileiro dos Recursos Naturais Renováveis). Brazilian localities of collection and studied specimens are listed in Appendix II.
DNA was isolated from liver tissue preserved in ethanol following Smith et al. (1987) . The Cytb gene from 17 Thrichomys specimens (about 1,100 base pairs) was amplified with primers MVZ 05, MVZ 14, and MVZ 16 following Smith and Patton (1993) and sequenced with an ABI Prism 377 automatic DNA sequencer (Applied Biosystems, Foster City, California). Sequences were edited using Sequence Navigator software (Applied Biosystems 1994) and deposited in GenBank (Appendix I). Data from 4 species-Thrichomys apereoides (GenBank U34854), Echimys chrysurus (L23341), Euryzygomatomys spinosus (U35858), and Ctenomys boliviensis (AF155869)-were obtained from GenBank; the latter 3 specimens were used as out-groups. Different procedures were carried out to avoid saturation effects due to the high rate of nucleotide substitutions of mitochondrial DNA. Estimates of sequence divergence (%) were calculated with Kimura's 2-parameter algorithm (Kimura 1980 ) and neighbor-joining trees constructed with Kimura's 2-parameter distance (K-2p) obtained with Molecular Evolution Genetics Analyses software program (MEGA 2- Kumar et al. 2000) . Maximum parsimony analysis was carried out by heuristic search (stepwise addition, random addition sequence with 10 replications) with 6:1 and 10:1 ratios of transition to transversion (PAUP 3.1.1-Swofford 1993). These ratios were chosen because the highest transition:transversion ratio, estimated by the p-distance method considering all codon positions and the pairwise deletion option and considering only Thrichomys specimens, was 6.747 (excluding out-groups) and 5.376 (including out-groups; MEGA 2 software). We used the MODELTEST program (Posada and Crandall 1998) for determining the best-fitting model of DNA evolution to our data. In log likelihood analyses, the data set was subjected to a heuristic search with 10 random additional replicates and with tree-bisection-reconnection (TBR) branch swapping algorithm. Sequences were analyzed on the basis of the model GTR þ G þ I, with number of substitution types equal to 6, nucleotide frequencies estimate, proportion of invariable sites estimated, gamma distribution, shape parameter (alpha) estimate, number of rate categories equal to 4, and representation of average rate for each category ¼ mean (PAUP 4.0b-Swofford 1993) . Node support was assessed by bootstrap estimates based on 1,000 replicates in maximum parsimony analyses.
RESULTS
When considering all Thrichomys haplotypes, the highest number of transitions and transversions occurred at 3rd position (31 and 4, respectively), followed by 1st (9 and 2, respectively) and 2nd position (2 and 0, respectively). Comparisons of nucleotide data showed 422 variable sites with 249 informative sites in maximum parsimony analysis.
Kimura's 2-parameter distance estimates showed 1% of interindividual variation in T. pachyurus and Thrichomys sp. nov. and 4% in T.a. laurentius and T. apereoides. Interspecific K-2p divergence estimates were high, being !9% between T. inermis and other haplotypes, !7% between T. pachyurus and other haplotypes, and !6% between Thrichomys sp. nov. and other haplotypes (Table 1) .
All Thrichomys specimens were grouped in maximum likelihood, neighbor joining, and maximum parsimony topologies with 100% bootstrap in the latter 2 analyses (Fig. 2) . Maximum parsimony analysis with transition:transversion ratios of 6:1 and 10:1 exhibited the same topology as did neighbor joining (not shown) but differed from those obtained by maximum likelihood analyses. In neighbor joining and maximum parsimony, T. inermis appeared as the 1st Thrichomys offshoot (bootstrap ¼ 73% and 85%, respectively) followed by the T. pachyurus clade (72% and 75%, respectively) and by Thrichomys sp. nov. (91% and 99%, respectively; Fig. 2) . In maximum likelihood, T. pachyurus clade appeared as the most basal offshoot followed by a clade formed by Thrichomys sp. nov. and T. inermis (Fig. 2) . All trees were congruent in grouping T. apereoides and T.a. laurentius and in showing T. a. laurentius as a paraphyletic group.
DISCUSSION
Sequences of 2 haplotypes of T. apereoides from Jaborandi were identical to one another, as were those of the 2 T. pachyurus. However, interindividual variation was observed in T. pachyurus, Thrichomys sp. nov., T.a. laurentius, and T. apereoides, suggesting mtDNA polymorphism of Cytb within each lineage.
The monophyly of Thrichomys was strongly supported in maximum parsimony and neighbor joining analyses (bootstrap ¼ 100%) and confirmed in maximum likelihood analysis. All analyses were congruent in showing T. pachyurus, T. inermis, and Thrichomys sp. nov. as independent evolutionary lineages, with T. aperoides as the most derived taxon. These data, plus the higher divergence estimates (K-2p ! 6%) between T. pachyurus and other Thrichomys haplotypes, between T. inermis and the other Thrichomys haplotypes, and between Thrichomys sp. nov. and the other haplotypes, suggest that they belong to different species. Other molecular studies showed that these distance estimate values were found to be discriminative between different rodent species (Bradley and Baker 2001; Smith and Patton 1993) .
On the other hand, distance estimates between T.a. laurentius and T. apereoides were 5%, suggesting that gene flow between them is likely to be low in view that active gene flow has been found to coexist with divergence estimates 2% (Steiner et al. 2000) . These findings-and the fact that T.a. laurentius with 2n ¼ 30, FN ¼ 54, and the karyotypically different T. apereoides with 2n ¼ 28, FN ¼ 52, and 2n ¼ 28, FN ¼ 50, are allopatric-suggest that these lineages are undergoing a process of differentiation.
All molecular analyses showed T.a. laurentius as a paraphyletic taxon; the high divergence estimates between T.a. laurentius haplotypes were coincident with the wide geographic distance between sites where specimens were collected. T. apereoides and T.a. laurentius were tightly grouped (bootstrap ¼ 91% in maximum parsimony) and probably belong to the same species, Thrichomys apereoides, despite karyotypic differences.
The greater molecular distances between geographically distant populations sharing the same karyotype (2n ¼ 30), contrary to the smaller distance between geographically close, karyotypically different populations (2n ¼ 30 and 2n ¼ 28), indicate that molecular divergence preceded karyologic divergence. Probably, molecular divergence (random extinction of lineages of an ancestral population in which the mitochondrial DNA polymorphism was present) occurred following geographic expansion, with partial population isolation, of the range of the ancestral T. apereoides with 2n ¼ 30. Karyologic rearrangement (tandem fusions) in 1 of these populations originated the 2n ¼ 28 karyotype. The geographic proximity of the karyologically different populations with 2n ¼ 28 and the southern population with 2n ¼ 30 explains their relict molecular similarity, while the northern and the southern populations with 2n ¼ 30 are geographically and molecularly more distant.
In view of this evidence, we may therefore conclude that the genus Thrichomys is comprised of at least 4 monophyletic species: T. pachyurus, T. inermis, T. apereoides, and T. sp. nov., as suggested by molecular analyses, karyotypic data, and geographical distribution.
RESUMO
Análise molecular de seqüências do gene mitocondrial citocromo b (cerca de 1.100 pares de base) em espécimes brasileiros de Thrichomys confirmaram a monofilia do gênero nas análises de distância, parcimônia e verossimilhança. Análise molecular aliada às variaçõ oes nos cariótipos sugerem que T. pachyurus (2n ¼ 34), T. inermis (2n ¼ 26) e Thrichomys sp. 
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